There are many distinct forms of dementia whose pharmacological and behavioral management differ. Differential diagnosis among the dementia variants currently relies upon a weighted combination of genetic and protein biomarkers, neuroanatomical integrity, and behavior. Diagnostic specificity is complicated by a high degree of overlap in the initial presenting symptoms across dementia subtypes. For this reason, reliable markers are of considerable diagnostic value. Communication disorders have proven to be among the strongest predictors for discriminating among dementia subtypes. As such, speech-language pathologists may be poised to make an increasingly visible contribution to dementia diagnosis and its ongoing management. The value and durability of this potential contribution, however, demands an improved discipline-wide knowledge base about the unique features associated with different dementia variants. To this end we provide an overview of cognition, language, and clinical pathological features of four of the most common non-Alzheimer's dementias: frontotemporal dementia, vascular dementia, Lewy body disease dementia, and Parkinson's disease dementia.
Introduction
The World Health Organization's International Classification of Diseases (ICD-10) describes dementia as a spectrum of chronic progressive disorders that produce psychosocial or occupational impairment due to the compromise of higher cortical functioning within one or more of the following domains: memory, thinking, orientation, comprehension, calculation, learning capacity, language, and judgment (1992) . The American Psychiatric Association's Diagnostic and Statistical Manual of Mental Disorders-text revised (DSM-IV-TR) offers alternative diagnostic criteria for dementia, characterized as a significant decline in social and occupational functioning due to memory impairment with one or more of the following associated disturbances: aphasia, apraxia, agnosia, or dysexecutive disorder (2000) .
Both the ICD-10 and DSM-IV-TR criteria have been criticized for lack specificity in discriminating among the many dementia variants whose pathologies, phenotypes, and clinical courses are distinct (Reisberg, 2006) . Moreover, recent advances in pharmacological and behavioral management have created a compelling need for etiology-specific treatment and early diagnosis among the many dementia variants. Differential diagnosis is, however, complicated by a high degree of overlap in the initial presenting symptoms of the dementias. Specificity is further complicated by the lack of a definitive, non-surgically invasive biomarker that can confirm in vivo diagnosis. Current diagnostic protocols for dementia rely upon probabilistic weighting of a number of factors, including protein and genetic biomarkers, assays of metabolic functioning, neuroimaging, and behavior.
With respect to behavior, speech and language characteristics have proven to be among the most reliable behavioral markers for distinguishing among dementia variants (Cycyk & Wright, 2008; Garrard, Maloney, Hodges, & Patterson, 2005; Grossman, D'Esposito et al., 1996; Neary et al., 1998) . For this reason, speech-language pathology may be poised as a discipline to play an increasingly visible role in dementia diagnosis and management. This is especially true in light of the explosive projected growth of dementia in our aging population and the pragmatic necessity for promoting deinstitutionalized care for millions of affected patients (Hebert & Brayne, 1995; Hebert, Scherr, Bienias, Bennett, & Evans, 2004; Jorm, 1991; Zaccai, McCracken, & Brayne, 2005) . One prerequisite for an informed contribution to dementia is an improved discipline-wide knowledge base regarding the unique characteristics of the various dementia subtypes. Clinical academic training in dementia is not yet universally mandatory for graduate education in speech-language pathology in the United States (See American Speech-Language-Hearing Association Curriculum Guidelines, 2008) , nor is such training mandated in the United Kingdom, Australia, or Canada. As a consequence, many practicing speech-language clinicians may lack competence in treating patients with dementia and counseling caregivers.
Our aim in this review is to acquaint the reader with four dementia subtypes that are likely to increasingly comprise their caseloads during the next two decades. We focus on cognition, language, and the clinical pathological features of the following non-Alzheimer's disease dementias: frontotemporal dementia (FTD), vascular dementia (VaD), Lewy body disease dementia (LBD), and Parkinson's disease dementia (PDD). Although this is by no means an exhaustive list of non-Alzheimer's dementias, these represent the four most common dementing conditions behind Alzheimer's disease.
On the relation between aphasia and dementia
Aphasia in the broadest sense of the word represents an acquired disorder of language comprehension, production, and/or symbolic knowledge (LaPointe, 2005) . Given this broad definition, one might suspect that aphasia is evident across virtually all of the dementias, and indeed an inspection of formal diagnostic criteria across many of the dementias confirms this suspicion (American Psychiatric Association, 2000; McKhann et al., 1984; Neary et al., 1998; Wetterling, Kanitz, & Borgis, 1996) . Despite the ubiquity of aphasia in dementia, however, its qualitative nature and severity vary substantially as functions of disease process and localization. Such heterogeneity has led to a longstanding theoretical debate reflected in the dichotomy between disorders of degraded storage versus impaired linguistic access in dementia and stroke aphasia (Rapp & Caramazza, 1993; Warrington & Shallice, 1979) .
Language disturbances in dementia have been historically attributed to the degradation of stored knowledge, whereas it is commonly assumed that language deficits in stroke aphasia reflect modality-specific impairment of access to intact conceptual knowledge (Adlam et al. 2006; Adlam, Bozeat, Arnold, Watson, & Hodges, 2006; Beauregard, Chertkow, Gold, & Bergman, 2001; Rogers, Ivanoiu, Patterson, & Hodges, 2006; Salmon, Butters, & Chan, 1999) . Although the storage-access dichotomy provides an intuitive framework, its assumptions have met with criticism (for discussion see Rapp & Caramazza, 1993) . Counterevidence for a clean dementia-stroke dissociation is derived from work demonstrating that patients with various forms of stroke aphasia (e.g., optic aphasia, transcortical sensory aphasia, and Broca's aphasia) can experience non-verbal conceptual impairments that are consistent with degraded storage accounts (Chertkow, Bub, Deaudon, & Whitehead, 1997; Corbett et al., 2009; Jefferies, Patterson, & Lambon Ralph, 2008 ). An analogous body of research has demonstrated that patients with Alzheimer's disease often show modality-specific advantages (e.g., pictures named better than words) that are strongly suggestive of impaired access (Bayles & Tomoeda, 1983; Bayles, Tomoeda, Kaszniak, & Trosset, 1991; Ober & Shenaut, 1999) . Thus, it is distinctly possible for patients with stroke aphasia to satisfy criteria for storage impairment and for patients with dementia to behave consistently with access impairment. Variable performance in both populations has engendered perhaps the most controversy with respect to the nature of language and non-verbal conceptual impairment in primary progressive aphasia. Mesulam (1982) proposed the term primary progressive aphasia (PPA) to describe a slowly progressive language impairment that persists for a period of at least 2 years without dementia. Further diagnostic criteria for PPA include an insidious onset and gradual worsening of language (syntax, naming, word finding, and word comprehension) in the absence of other specific causes of aphasia (e.g., stroke and malignancy). Patients with PPA may have co-morbid acalculia (i.e., inability to perform arithmetic) or ideomotor apraxia but must not manifest other amnestic, personality, or dysexecutive deficits that impair activities of daily living (Mesulam, 2001 (Mesulam, , 2003a . PPA has been described as a ''language-based dementia'' (Mesulam, 2003b) and as ''slowly progressive aphasia without generalized dementia'' (Mesulam, 1982) .
Primary progressive aphasia and its relation to dementia
Contemporary with Mesulam's research on PPA, Warrington and colleagues independently characterized language disorders associated with primary semantic impairment (i.e., semantic dementia) (Warrington, 1975 (Warrington, , 1981 . Parallel research on PPA and semantic dementia continued until Snowden and colleagues argued that PPA and semantic dementia likely represent different stages of the same disease pathology (Snowden, Goulding, & Neary, 1989; Snowden & Neary, 1993) . In many circles, semantic dementia is now used synonymously with fluent PPA (see Adlam, Patterson, et al., 2006; Amici, Gorno-Tempini, Ogar, Dronkers, & Miller, 2006) . However, others have cautioned for a clear distinction between semantic dementia and semantic variant PPA (Mesulam et al., 2009) .
Perhaps the most compelling argument against interchangeable use of the terms PPA and semantic dementia lies in their differing levels of specificity. PPA represents a behavioral manifestation (i.e., a phenotype) of a number of possible disease etiologies, including frontotemporal dementia, Alzheimer's disease, Parkinson's disease, and Creutzfeld-Jacob disease (Amici et al., 2006; Mesulam, 2007; Mesulam et al., 2009 ). In contrast, semantic dementia is associated with a specific disease entity (i.e., frontotemporal lobar degeneration). Thus, it is exceedingly rare for Alzheimer's disease to be described as semantic dementia. Yet it is not uncommon for Alzheimer's disease to present as PPA. In fact, one recent postmortem confirmation study revealed that the distribution of disease pathology in one PPA cohort (N = 38) consisted of almost 1/3 Alzheimer's disease (32%) (Knibb, Xuereb, Patterson, & Hodges, 2006 ). Here we have attempted to avoid conflating phenotypic nomenclature (e.g., PPA) with clinicopathological disease classification. Instead, we focus upon clinicopathological groupings beginning with frontotemporal dementia.
Frontotemporal dementia
FTD is the second most common dementia behind Alzheimer's disease diagnosed in adults below the age of 65 years and the fourth most common dementia in industrialized nations (Heutink, 2000; Johnson et al., 2005; Neary, Snowden, & Mann, 2005) Whereas age is an increasing risk factor for many other forms of dementia, this is not true of FTD, whose onset follows a roughly Gaussian (normal) distribution with a mean age of onset near 60 years and tapering frequency during earlier and later decades of life (Forman et al., 2006; Johnson et al., 2005; Ratnavalli, Brayne, Dawson, & Hodges, 2002) . Symptoms of FTD typically appear about a decade earlier than AD, making age of onset a distinctive feature of the disease (Hodges, Davies, Xuereb, Kril, & Halliday, 2003; Neary et al., 2005; Rascovsky et al., 2005) . Survival in FTD varies from between 2 and 8 years post-onset, although there is considerable variability in clinical course and rate of progression Neary et al., 2005) .
FTD is characterized by progressive atrophy of regions of frontal and temporal cortex (Cairns et al., 2007; Johnson et al., 2005; Neary et al., 2005) . In early stage FTD, patients show relatively localized or circumscribed atrophy of these brain regions, but as FTD progresses, gyral atrophy is evident across both cerebral hemispheres (Chao et al., 2007; Whitwell, Anderson, Scahill, Rossor, & Fox, 2004) . While the etiology of FTD is idiopathic or unknown, a genetic component linked to chromosome-17 is apparent in 40% of familial cases (Miller, 2007; Neary et al., 2005) . In these cases, a mutation on an arm of chromosome-17 affects a gene known as progranulin (PGRN) whose disruption produces pathogenic encoding and aggregation of the proteins, tau and ubiquitin (Baker et al., 2006) . In healthy neurons, tau plays a critical role in cytoskeletal support through the maintenance of structural integrity (Avila, Lim, Moreno, Belmonte, & Cuello, 2002) . However, abnormal aggregations of these proteins destroy neurons. Recent histopathlogical confirmation studies suggest that other neurodegenerative diseases such as corticobasal degeneration (CBD), Parkinsonism, progressive supranuclear palsy (PSP), motor neuron disease (MND) and amyotrophic lateral sclerosis (ALS) may all share a common protein pathology (i.e., TDP-43) (Bian & Grossman, 2007; Goldman et al., 2004; Miller, 2007) .
There are at least three distinct FTD phenotypes, each having a particular distribution of cortical damage. Fig. 1 represents a schematic depiction of the following syndromes: (a) progressive non-fluent aphasia, (b) semantic dementia, and (c) frontal variant FTD (Neary et al., 1998) . Common to all of these FTD subtypes is insidious onset and gradual progression in the absence of an acute precipitating event (e.g., stroke). Supportive features include an onset before the age of 65, a positive family history for FTD in a first degree relative, and the presence of bulbar palsy (motor neuron disease) (Neary et al., 1998) .
Progressive non-fluent aphasia
The core diagnostic feature of PNFA outlined by Neary et al. (1998) is non-fluent speech with one or more of the following: agrammatism, phonemic paraphasias, and anomia. Supportive diagnostic features include: stuttering, oral apraxia, impaired repetition, alexia, agraphia, early preservation of word meaning, late mutism. These impairments typically occur in the context of relatively preserved episodic memory, visuospatial functioning, and temporal orientation (McKinnon et al., 2008; Peelle & Grossman, 2008; Rogers et al., 2006) .
PNFA is characterized by asymmetric damage to left posterior inferior frontal cortex, including the anterior insula, basal ganglia, left inferior and middle frontal gyri, dorsal, premotor and supplementary motor cortices (Ogar, Dronkers, Brambati, Miller, & Gorno-Tempini, 2007) . As left hemisphere perisylvian damage worsens, patients show increasing motor speech difficulties and impairment in phonological assembly (Croot, Patterson, & Hodges, 1998; Gorno-Tempini et al., 2006; Nestor et al., 2003) . It is not uncommon for these profound difficulties in speech production to evolve to complete mutism Neary et al., 1998) . This classic progression toward mutism in PNFA has clear implications for guiding speech-language intervention. That is, given the typical progression toward a profound deficit in speech production, one logical means of facilitating communication is through augmentative communication devices (e.g., text-or picture-to-speech). Thus, one logical strategy for PNFA may involve training patients at early stages of the disease on communication devices that will later become essential.
The distribution of left hemisphere damage in PNFA corresponds to that commonly seen in non-fluent stroke aphasia (e.g., Broca's aphasia). Thus, one might expect to see behavioral parallels between PNFA and stroke aphasia, and to some extent this is the case. Like Broca's aphasia, patients with PNFA tend to produce speech that is slow, effortful, and rife with phonemic paraphasias. Patients with PNFA have also shown disproportionate impairment for verbs relative to nouns (Hillis, Tuffiash, & Caramazza, 2002; Hillis, Sangjin, & Ken, 2004) , reduced phrase length during production, and difficulties comprehending grammatically complex utterances Ash et al., 2006; Grossman, D'Esposito et al., 1996; Grossman, Mickanin, et al., 1996; Peelle, Cooke, Moore, Vesely, & Grossman, 2007; Thompson, Ballard, Tait, Weintraub, & Mesulam, 1997) . One recent direct comparison between non-fluent stroke aphasia and PNFA, however, revealed that the extent of syntactic loss in production (i.e., agrammatism) was worse in the stroke aphasia group relative to PNFA (Patterson, Lambon Ralph, et al., 2006) . Although these differences may reflect a more posterior distribution of frontal lobe damage in PNFA, this speculative hypothesis awaits anatomical correlation.
Semantic dementia
Elizabeth Warrington reported a groundbreaking case study of patients who experienced what she described as the ''selective impairment of semantic memory'' (Warrington, 1975) . Snowden et al. (1989) later formally classified such patients as having a distinctive neurological disorder known as semantic dementia (SD). On structural imaging (e.g., MRI, CT), patients with SD tend to show circumscribed atrophy affecting anterior, lateral, and ventral temporal lobe structures with relative sparing of the medial temporal lobe (Neary et al., 2005; Snowden et al., 1989) . A commonly held assumption, reflected in formal diagnostic criteria, holds that there is hemispheric asymmetry with the left hemisphere more prominently affected than the right Hodges, Patterson, Oxbury, & Funnell, 1992; Mummery et al., 2000; Neary et al., 1998; Snowden et al., 1989) . There is, however, a growing body of literature to suggest that homologous regions of the right anterior temporal lobe are also affected (for a computational model of the spread of atrophy see Lambon Ralph, McClelland, Patterson, Galton, & Hodges, 2001) .
1 Fig. 2 shows coronal, axial, and sagittal T1-weighted MR images of a patient with early to moderate semantic dementia, illustrating this typical pattern of asymmetric left anterior temporal lobe atrophy on structural imaging.
Damage to the anterior and inferolateral temporal cortex in SD produces a distinctive language profile. Patients with SD produce fluent but empty speech that is rife with deictic expressions (e.g., I don't know. . . It's that thing) and semantic paraphasias (e.g., 'cat' when the target word is Chihuahua) (Hodges et al., 1992; Snowden et al., 1989) . These difficulties in narrative production are often amplified at the single word level and manifest as profound anomia (Lambon Lambon Ralph et al., 2001; Neary et al., 1998) . Despite a severe naming impairment, however, patients with SD often produce over-learned phrases effortlessly. As a result, in cursory conversation it is often difficult to discern any hint of impairment. This was the first author's impression upon testing his first SD patient. His combination of fluent speech, appropriate affect, and insight masked a conceptual impairment that soon became apparent through a combination of formal testing and observation of numerous functional errors in activities of daily living (e.g., adding salt to sweeten coffee, requesting (and succeeding) in having a young investigator eat an inedible plant from his herb garden) (for a description see patient BE reported in Reilly, Martin, & Grossman, 2005) .
Loss of meaning is a core diagnostic feature of SD that affects both language production and comprehension. Other core features of SD include empty spontaneous speech, semantic paraphasias, and a perceptual disorder characterized by prosopagnosia (impaired face recognition) and/or associative visual agnosia (impaired recognition of object identity) (Neary et al., 1998) . For a diagnosis of SD, patients must also show relatively preserved perceptual matching abilities (e.g., pure tones, pictures of different people, and non-sense objects), intact single word repetition, and an ability to read aloud orthographically regular words (Neary et al., 1998) .
The inability to read irregular words aloud (i.e., suface dyslexia) is ubiquitous in SD (Blazely, Coltheart, & Casey, 2005; Fushimi et al., 2003; Jefferies, Lambon Ralph, Jones, Bateman, & Patterson, 2004; Wilson et al., 2009 ). Surface dyslexia is a reading disorder that is characterized by regularization errors (e.g., 'yacht' is written to dictation as yot or pronounced aloud as yaughched) (Neary et al., 1998; Woollams, Ralph, Plaut, & Patterson, 2007) . One hypothesis regarding the high frequency of surface dyslexia in SD is that patients over-rely on reading via a direct grapheme-tophoneme conversion process (Plaut, McClelland, Seidenberg, & Patterson, 1996) . That is, patients exploit their preserved phonological and orthographic abilities to compensate for degraded semantic knowledge that would normally support reading or writing (Shallice, Warrington, & McCarthy, 1983 , for a more comprehensive discussion of the relative merits and disadvantages of dual route models of reading and patient-based findings see Woolams and colleagues, 2007) .
Supportive features of SD include relative preservation of calculation, syntax, day-to-day memorizing (i.e., recent episodic memory), spatial skills, perception, and phonological processing. Additional impairments that are supportive of a diagnosis of SD include idiosyncratic word usage, press of speech, late-stage loss of sympathy and empathy, narrowed preoccupations, and parsimony of interactions (e.g., seclusion, limited attempts to engage in conversation) (Neary et al., 1998) .
One of persistent controversy in neuroscience over the past 20 years has been the nature of the impairment underlying SD and what it can tell us about the neural correlates of semantic memory (Caramazza & Mahon, 2003; Martin, 2007; Patterson, Nestor, & Rogers, 2007; Patterson, 2007; Reilly & Peelle, 2008) . The crux of this debate centers upon whether deficits reflect a combination of agnosia and aphasia or a more central loss of conceptual knowledge. One clear prediction of a central semantic deficit is that patients should experience a pervasive multi-modal impairment (Patterson, Graham, Lambon Ralph, & Hodges, 2006; Patterson, Lambon Ralph, et al., 2006) . For example, loss of the concept ''DOG''should permeate all possible domains of DOGNESS, manifesting as difficulties in naming a picture of a dog, recognizing the distinctive sound of a dog's bark, and identifying the odor of a dog. The Cambridge and Manchester research groups have elegantly (and consistently) demonstrated such a broad loss of domain-specific knowledge in SD (Bozeat, Lambon Ralph, Patterson, & Hodges, 2002; Patterson, Graham, et al., 2006; Patterson, Lambon Ralph, et al., 2006; Pulvermüller et al., 2009; Rogers & McClelland, 2004; Rogers, Lambon Ralph, Hodges, & Patterson, 2004) . Nonetheless, questions persist as to modality-specific advantages (e.g., reverse concreteness effects) and the role of the anterior temporal lobes in semantic memory (Simmons and Martin, 2009; Simmons, Reddish, Bellgowan, & Martin, 2010) .
A few studies have tracked the longitudinal progression of SD, and a picture of the deficits in late stages of the disease has begun to emerge. Typical of this progression, Jefferies, Patterson, and Lambon Ralph (2006) report a case study of patient MK who remained receptive to testing, pleasant, and without personality change even at a very advanced stage. For the patients we have observed, speech perception has remained remarkably intact, and we do not see the degree of speech struggle that is evident in PNFA (Kwok, Reilly, & Grossman, 2006; Reilly, Cross, Troiani, & Grossman, 2007) . Nonetheless, patients do experience profound communicative impairment, and these difficulties often extend to fundamental interactions with the world.
Frontal variant FTD/behavioral variant FTD
Frontal variant FTD (FvFTD) is behaviorally distinctive from PFNA and SD Liu et al., 2004; Rascovsky et al., 2007) . In FvFTD, cortical atrophy affects inferior, anterior regions of the frontal lobe (i.e., orbitofrontal cortex) (Liu et al., 2004; Rascovsky et al., 2007) . Unlike PNFA and SD, individuals with FvFTD exhibit early changes in personality, organization, and attention (Neary et al., 1998 (Neary et al., , 2005 . Core diagnostic criteria identified for FvFTD include a gradual decline in social conduct (i.e., inappropriate jokes, risk taking, and hypersexuality), with loss of insight and early emotional blunting (Neary et al., 1998) . Supportive diagnostic features include a decline in personal hygiene, increased rigidity, hyperorality, diet changes, and the emergence of utilization behavior (i.e., compulsive use of implements such as combs or pencils that are in view of the patient).
Of the three primary FTD subtypes, FvFTD is perhaps the least likely to be referred for a speech-language clinical evaluation because social, behavioral, and emotional deficits predominate. Although it is true that aphasia is not a frank symptom of FvFTD, this disease variant does compromise language abilities. FvFTD produces impairments in executive functioning that are characterized by diminished attentional vigilance, poor inhibitory control (i.e., attending to salient stimuli while ignoring non-salient distracters), poor sequencing ability, and limitations in working memory (Rascovsky et al., 2007) . In the production of narrative discourse, the net effect of these deficits is reduced thematic cohesion and disjointed event organization (Ash et al., 2006; Cooke et al., 2003; Grossman, 2002) .
Vascular dementia
Vascular dementia (VaD), the second most frequent dementia subtype, describes a heterogeneous group of dementias associated with cerebrovascular damage (Fratiglioni et al., 2000; Traykov et al., 1999) . VaD can evolve within the context of multiple cortical or subcortical strokes, cerebral hypoxemia, aneurysm, small vessel ischemic disease and genetic cerebrovascular disease. Since brain tissue requires diffuse perfusion, vascular compromise can potentially occur across many locations. Thus, the cumulative pattern of cerebrovascular damage in VaD dictates its particular phenotype. Phenotypic heterogeneity is further heightened by the fact almost half of all VaD patients have mixed vascular and Alzheimer's disease pathologies (Rocca & Kokmen, 1999; Rockwood, Bowler, Erkinjuntti, Hachinski, & Wallin, 1999; Rockwood, 1997; Traykov et al., 1999) . Due to the multiplicity of potential causes of VaD, the ICD-10 has identified the following VaD variants: (1) VaD acute onset; (2) multi-infarct dementia; (3) subcortical vascular dementia; (4) mixed subcortical and cortical vascular dementia; (5) other VaD; (6) VaD unspecified (World Health Organization, 1992) .
There currently exist five disparate sets of clinical criteria for VaD. These include the DSM-IV-TR (2000), the State of California Alzheimer's Disease Diagnostic and Treatment Centers (Chui et al., 1992) , the National Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche et l'Enseignement en Neurosciences (NINDS-AIREN) (Roman et al., 1993) , the Hachinski Ischemic Score (Hachinski et al., 1975) , and the ICD-10 (1992) . Postmortem clinicopathological comparisons demonstrate poor agreement amongst these criteria (Wetterling et al., 1996) . It has been argued, however, that the DSM-IV-TR criteria for VaD may offer the best balance between specificity and sensitivity (Chui et al., 2000; Gold et al., 2002) .
The DSM-IV-TR criteria for VaD includes social or occupational functional decline due to multiple cognitive deficits. Patients must have memory impairment and one or more of the following additional disorders: aphasia, agnosia, dysexecutive disorder. Patients must also show a combination of the following signs and symptoms in the absence of delirium: gait abnormalities, weakness of an extremity, pseuobulbar palsy, exaggeration of reflexes, and extensor plantar response. Signs must also be present in the context of laboratory evidence (e.g., structural magnetic resonance imaging) demonstrating cerebrovascular disease. Importantly, symptoms must also be judged as etiologically related to the cognitive disturbance.
Common across many reported investigations of VaD is psychomotor slowing, attentional deficits and frontalexecutive dysfunction resulting in decreased self-regulation (Almkvist, Fratiglioni, Aguero-Torres, Viitanen, & Backman, 1999; Matsuda, Saito, & Sugishita, 1998) . It is also common for patients with VaD to exhibit deficits in working memory, procedural memory (e.g., tying one's shoe or using a bank machine) and episodic memory retrieval (Bowler et al., 1997; Looi & Sachdev, 1999; Reed, Eberling, Mungas, Weiner, & Jagust, 2000) . Patients with VaD are likely to show decreased phonemic fluency, diminished grammatical complexity in sentence production, and flattening of pitch and amplitude contours in spontaneous speech (i.e., dysprosodia) (Jones, Laukka, & Backman, 2006; Looi & Sachdev, 1999; Lukatela, Malloy, Jenkins, & Cohen, 1998; Tierney et al., 2001) . Progression of VaD is often characterized by a stepwise decline. That is, during the course of the disease, patients may experience periods of stability followed by punctuated declines in memory and other cognitive functions (Chui et al., 2000) .
Lewy body dementia
Lewy body dementia (LBD) is a relatively new dementia classification with about one-half the frequency of AD (Rahkonen et al., 2003) . Prevalence estimates for LBD vary from between 15% and 35% of all dementia cases (Geser, Wenning, Poewe, & McKeith, 2005; Zaccai et al., 2005) . If the upper range of LBD (35%) is correct, then LBD represents the second most common form of dementia behind AD, relegating VaD to the third most common form of dementia (Geser et al., 2005; Heidebrink, 2002; Rahkonen et al., 2003; Weisman & McKeith, 2007; Zaccai et al., 2005) . Age of onset in LBD is similar to AD, with a mean of 68 years (range 50-85 years) (Jellinger, Wenning, & Seppi, 2007; Korczyn & Reichmann, 2006; Neef & Walling, 2006) . Reports on survival duration post-onset of LBD vary, with a mean of approximately 6 years (range 1.8-9.5 years) (Walker, Allen, Shergill, Mullan, & Katona, 2000) .
Standard diagnosis of LBD is based on presence of dementia as well as two of the following three core diagnostic features: (1) fluctuating cognition, (2) visual hallucinations, and (3) movement disorder (McKeith, 2006) . It is estimated that 50-75% of individuals with LBD experience fluctuations in cognition that range from minutes to days (McKeith et al., 2004 ) and 70% of individuals will develop akinetic-rigid syndrome (Geser et al., 2005) . Suggestive diagnostic features include rapid eye movement sleep disorder, neuroleptic sensitivity, and low dopaminergic uptake in the basal ganglia (Galvin et al., 2008) . Supportive features include syncope, postural instability with repeated falls, transient loss of consciousness, delusions, and multi-modal hallucinations (i.e., auditory and tactile) (McKeith, 2006; Weisman & McKeith, 2007) .
LBD is typically associated with cognitive complaints (e.g., amnestic impairment) rather than aphasia or other language disturbance early in the course of the disease. Doubleday, Snowden, Varma, and Neary (2002) report that only 5% of LBD patients present with primary language complaints, whereas memory impairment, or a combination of memory, visuospatial, and language impairment are more commonly reported (Doubleday et al., 2002) . Specific cognitive features of LBD include severe memory impairment, inattention, visuospatial disturbance, prosopagnosia, color agnosia, constructional and ideomotor apraxia, and visual distractibility (Doubleday et al., 2002; Galasko, Katzman, Salmon, & Hansen, 1996; Gibb, Luthert, Janota, & Lantos, 1989) . Language disturbance in LBD is characterized by confabulation, incoherence, and perseveration during conversation, difficulty naming common objects, and a reduction in verbal fluency (Doubleday et al., 2002; Galasko et al., 1996; Gibb et al., 1989) . Progression of the disease is characterized by Parkinsonism, profound memory disturbance, severe neuroleptic reactions, and disproportionate visuospatial deficits (Ferman et al., 2006; Hamilton et al., 2008) . Additionally, there is some evidence that severity of visuospatial deficits predicts rate of cognitive decline (Hamilton et al., 2008) . In late stages of LBD, global cognitive deficits lead to complete functional dependence.
Parkinson's disease dementia
Parkinson's disease (PD) has a mean age of onset of 60 years, with only 10% of those affected being 45 years of age or younger (Korchounov, Schipper, Preobrazhenskaya, Kessler, & Yakhno, 2004; Rao, Hofmann, & Shakil, 2006) . The risk of developing PD increases with advanced age, and males have a greater likelihood of contracting the disease (Nussbaum & Ellis, 2003) . Estimates for idiopathic PD in the world's ten most populated nations range from 4.1 to 6.6 million in 2005, with a projected expansion to 8.7-9.3 million by 2030 (Dorsey et al., 2007) . In PD, dopamine depletion compromises the integrity of the cortical-striatal motor loop, producing impairment in the relative timing and initiation of purposeful movement (Louis & Frucht, 2007; Rao et al., 2006) . Typically, when greater than 80% of the dopaminergic cells of the substantia nigra are depleted, individuals develop the cardinal motor symptoms of Parkinson's disease (Louis & Frucht, 2007) . These symptoms include an asymmetric onset with resting tremor, bradykinesia, rigidity, and postural instability (Jellinger et al., 2007; von Campenhausen et al., 2005) .
Recent work has demonstrated that even in the absence of a frank dementia, PD is associated with a number of higher level cognitive and communication deficits (Caballol, Marti, & Tolosa, 2007; Grossman et al., 2000; Henry & Crawford, 2004; Hochstadt, Nakano, Lieberman, & Friedman, 2006; Mahieux et al., 1998; Riedel et al., 2008) . Moreover, the severity of cognitive impairment in PD is strongly correlated with severity of bradykinesia, indicating a relationship between generalized cognitive and motor slowing (Levy et al., 2000; Sawamoto, Honda, Hanakawa, Fukuyama, & Shibasaki, 2002) . With respect to communication, many hold that the overarching source of impairment is a dysexecutive disorder characterized by resource limitations that affect inhibitory control, speed of processing, vigilance, cognitive flexibility, and working memory (Grossman et al., 2000; Grossman, Lee, Morris, Stern, & Hurtig, 2002; Hochstadt et al., 2006) . Resource-related deficits associated with prefrontal cortical dysfunction in PD produce ripple effects that are evident in tasks such as verbal fluency, sentence comprehension, and narrative production Henry & Crawford, 2004; Hochstadt et al., 2006) . Interestingly, generative action naming fluency is disproportionately impaired in PD relative to semantic or phonemic fluency, and patients with PD are likely to show greater anomia for actions than objects (Cotelli et al., 2007) . Other communication-related deficits include difficulties with inference, metaphor comprehension, and perception of linguistic and emotional prosody (Monetta & Pell, 2007; Pell & Leonard, 2003 , 2005 .
As PD progresses, as many as 70-80% of individuals convert to PD with dementia (PDD) (Emre et al., 2007) . In most cases, this conversion happens within the first 10 years after onset and is insidious in nature. Upon conversion to PDD, survival duration is 5 years (mean 6.7 years), roughly similar to LBD (Emre et al., 2007; Geser et al., 2005) . Predictors of survival duration in PDD and LBD include older age at onset, fluctuating cognition, severity of hallucinations, severity of akinesia, and degree of concurrent Alzheimer's disease neurofibrillary plaque and tangle pathology (Jellinger et al., 2007) .
Core diagnostic criteria for PDD include an established diagnosis of PD and impairment in at least two of the following four domains: (1) attention; (2) executive functioning; (3) visuospatial processing; (4) verbal free recall. For the diagnosis of probable PDD, individuals must also show at least one behavioral symptom (i.e., apathy, depression, hallucinations, delusions, or excessive daytime sleepiness) (Emre et al., 2007) .
Communication deficits include impaired concept formation, perseveration, and reduced verbal fluency across domains (Emre et al., 2007) . It has also been hypothesized that reduced action word (i.e., verb) fluency predicts conversion from PD to PDD (Piatt, Fields, Paolo, Koller, & Troster, 1999) . As PDD progresses, the cognitive and language deficits become more pronounced.
PDD and LBD: similarities
Histopathological investigations of both PDD and LBD reveal the presence of large, alpha-synuclein protein deposits termed Lewy bodies in the brain (Nussbaum & Ellis, 2003; Singleton et al., 2003; Theuns & Van Broeckhoven, 2008) . Lewy bodies collect within the neuronal cytoplasm, ultimately destroying cells and resulting in neuronal dropout (Emre et al., 2007; Singleton et al., 2003) . In PDD, Lewy body-induced cell death occurs within the substantia nigra, a midbrain structure that produces dopamine, the neurotransmitter critical for regulating communication between the basal ganglia and the motor cortex (Bear et al., 2007) . In LBD, Lewy bodies are found in the substantia nigra, but are more numerous in the cerebral cortex (Byrne, Lennox, Lowe, & Godwin-Austen, 1989) In both PD and LBD, cell death is not restricted to a particular brain region. Thus, late-stage PD may resemble LBD, and LBD often evolves into a Parkinsonian syndrome (Byrne et al., 1989) .
PDD and LBD have a similar set of genetic and environmental risk factors, and onset may involve an interaction of these components. In a minority of cases, PDD and LBD have been linked to several gene mutations including SNCA, PRKN, PINK1, DJ-1, and LRRK-2 (Pankratz & Foroud, 2007; Theuns & Van Broeckhoven, 2008) . However, the large majority of patients with PDD or LBD have no family history of the disease and no evidence of specific gene mutations (Pankratz & Foroud, 2007) . PDD and LBD share environmental factors such as exposure to pesticides, high soil concentrations of specific metals (i.e., manganese), neurotoxic drugs (i.e., synthetic heroin), and neuroleptic antipsychotic medications (Ascherio et al., 2006; Gao et al., 2007; Lai, Marion, Teschke, & Tsui, 2002) .
Because of similar underlying neuropathology, there is considerable overlap between PDD and LBD with respect to clinical profiles (Ballard et al., 2006; McKeith, 2000; Neef & Walling, 2006) . While LBD is typically associated with greater memory loss and greater fluctuations in attention than PDD, no significant differences have been found between these two groups in deficits of executive function, constructional praxis, and visuospatial processing (Emre et al., 2007) . This has led some to suggest that PD and LBD are spectrum disorders of Lewy body disease (Jellinger & Attems, 2008) . Due to the difficulty distinguishing between LBD and PDD, current practice instantiates an arbitrary ''1-year rule'', whereby dementia preceding the onset of a movement disorder by 1 year is classified as LBD, whereas dementia that occurs within the context of an existing movement disorder is classified as PDD (Emre et al., 2007) .
Conclusion
One of the greatest public health challenges facing industrialized nations during the next three decades involves effectively coping with dementia. The psychosocial and economic necessities of promoting deinstitutionalized care for the many millions of people with dementia will soon become apparent in our rapidly aging society. As a clinical discipline, speech-language pathology may be poised to contribute valuable information through careful observation and identification of cognitive-linguistic behaviors associated with different forms of dementia. In addition, it seems equally likely that differential diagnosis will rely on identification of motor speech disorders and swallowing impairments associated with each of the subtypes. In addition, knowledge of these clinical profiles may be useful in educating patients, families and caregivers regarding the cognitive-linguistic behavioral deficits expected from onset to progression of the disease. Thus, there is great potential for speech-language pathology to emerge as a frontline discipline in dementia management. Nevertheless, it is clear that this contribution demands an improved disciplinewide knowledge base. The aim of this paper was to provide an overview of the cognitive, language and clinical pathological features of non-Alzheimer's dementias in order to begin to address this gap in knowledge.
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